The objective of the present study was to detect the association of the rs4731702 single nucleotide polymorphism (SNP) and serum lipid levels in the Guangxi Mulao and Han populations. A total of 727 subjects of Mulao and 740 subjects of Han Chinese were included. Serum low-density lipoprotein cholesterol (LDL-C) and apolipoprotein (Apo) B levels were higher in Mulao than in Han ( < 0.05). The T allele carriers had higher serum LDL-C and ApoAI levels in Mulao, whereas they had lower high-density lipoprotein cholesterol (HDL-C) levels and ratio of ApoAI to ApoB in Han ( < 0.05) than the T allele noncarriers. Subgroup analyses showed that the T allele carriers had higher HDL-C, LDL-C, and ApoAI levels in Mulao males and lower ApoAI levels and ratio of ApoAI to ApoB in Han males than the T allele noncarriers. The subjects with TT genotype in Han females also had higher total cholesterol, LDL-C, ApoAI, and ApoB levels than the subjects with CT or CC genotype. Serum lipid parameters were also correlated with several environmental factors in both ethnic groups. The differences in the association of KLF14 rs4731702 SNP and serum lipid levels between the two ethnic groups might partly result from different gene-environmental interactions.
Introduction
Cardiovascular diseases (CVD) are the leading causes of death in global populations, and the burden of CVD in terms of life-years lost, diminished quality of life, and direct and indirect medical costs is enormous [1] . It is well known that dyslipidemia is a major risk factor for CVD [2] [3] [4] [5] and that it is the target for therapeutic intervention [6] . Epidemiological studies have consistently shown that dyslipidemia is a complex trait resulted from the joint effects of multiple genetic and environmental causes [7] [8] [9] . The heritability estimates of the interindividual variations in serum lipid levels from both twin and family studies are in the range of 40-70%, suggesting a considerable genetic contribution [10, 11] . Therefore, the understanding of the correlation of genetic variants and serum lipid levels may be a promising avenue for exploring prevention and treatment of CVD.
Genome-wide association studies are rapidly unraveling the role of genetic factors in the pathogeneses of dyslipidemia. It was reported that common variants at loci together can explain about 10% of the variations in each lipid trait [7, 12] . Rare variants with large individual effects may also contribute to the heritability of lipid traits [12] . Findings from large-scale studies suggested a strong linkage between the genetic variants at the Krüppel-like factor 14 (KLF14) locus and serum high-density lipoprotein cholesterol (HDL-C) concentrations and type 2 diabetes [13] [14] [15] [16] [17] [18] . KLF14, which exhibits imprinted expression from the maternal allele in embryonic and extraembryonic tissues, is an intronless member of the KLF family located at chromosome 7q32 [19] . The KLF family of transcription factors is characterized by three highly conserved Cys 2 /His 2 -type zinc fingers which bind to the regulatory regions of genes to mediate activation and/or repression of transcription. Thus far, 17 members
Materials and Methods

Study Population.
This study included 727 subjects of Mulao and 740 subjects of Han Chinese who were randomly selected from our previous stratified randomized samples [28, 29] . All subjects were rural agricultural workers residing in Luocheng Mulao Autonomous County, Guangxi Zhuang Autonomous Region, People's Republic of China. The subjects of Mulao consisted of 323 (44.43%) males and 404 (55.57%) females, aged from 16 to 86 years, with a mean age of 52.32 ± 14.94 years. The subjects of Han consisted of 318 (42.97%) males and 422 (57.03%) females, aged from 16 to 86 years, with a mean age of 52.08 ± 15.22 years. Subjects with diseases related to atherosclerosis, CVD, and diabetes or those who were using lipid-lowering medication were excluded from the study. The present study was conducted in accordance with the guidelines set by the Ethics Committee of the First Affiliated Hospital, Guangxi Medical University. Informed consents were obtained from all the subjects prior to their inclusion into the study.
Epidemiological Survey.
Epidemiological survey was carried out using internationally standardized methods [30] . A standard questionnaire collecting the information on demographics, socioeconomic status, and lifestyle factors was obtained from all the subjects. The alcohol information included questions about the number of liangs (about 50 g) of rice wine, corn wine, rum, beer, or liquor consumed during the preceding 12 months. Alcohol consumption was classified as groups of grams of alcohol per day: ≤25 and >25. Smoking status was categorized into groups of cigarettes per day: ≤20 and >20. Anthropometric measurements were obtained by trained personnel of health care centers including height, weight, and waist circumference. Blood pressure of the subjects in a sitting position was measured taking the mean of 3 separated intervals after the subjects had a 5-minute rest using a mercury sphygmomanometer. Body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ).
Biochemical Parameters.
Blood samples were obtained in the fasting state. Biochemical parameters including total cholesterol (TC), triglyceride (TG), HDL-C, and low-density lipoprotein cholesterol (LDL-C) were measured by enzymatic methods with commercially available kits. Serum apolipoprotein (Apo) AI and ApoB concentrations were quantified by the immunoturbidimetric immunoassay using a commercial kit [31] . Fasting blood glucose was determined by glucose meter.
DNA Amplification and Genotyping.
The genomic DNA was obtained from peripheral lymphocytes using the phenolchloroform method [32] . Genotyping was carried out by polymerase chain reaction (PCR) amplification followed by restriction enzyme for restriction fragment length polymorphism (RFLP). For the KLF14 rs4731702 SNP analysis, DNA was amplified using the forward primer, 5 -AATCCCAAGGCATCTATC-3 , and the reverse primer, ∘ C. For the restriction digestion, 5 L of amplification products and 5 U of Bse1I restriction enzyme (Fermentas Co. Canada) were added to each reaction mix, and samples were digested at 65 ∘ C overnight. Then, the digested fragments were separated by electrophoresis on 2% agarose gels stained with ethidium bromide and photographed in ultraviolet light. Genotypes were scored by an experienced reader blinded to the epidemiological data and serum lipid levels. 
Results
Population Characteristics.
The baseline characteristics and serum lipid levels of the Mulao and Han populations are presented in Table 1 . The levels of BMI, diastolic blood pressure, and the ratio of ApoAI to ApoB were lower in Mulao than in Han ( < 0.05), whereas the levels of body height, LDL-C, ApoB, and the percentages of subjects who consumed alcohol were higher in Mulao than in Han ( < 0.05-0.001).
Results of Electrophoresis and Genotyping.
After the genomic DNA of the samples was amplified by PCR and imaged by 2.0% agarose gel electrophoresis, the purpose gene of 347 bp nucleotide sequences could be found in all samples (Figure 1 ). The genotypes identified were named according to the presence or absence of the enzyme restriction sites, with a C to T transversion at rs4731702 SNP. The presence of the cutting site indicates the C allele, while its absence indicates the T allele (cannot be cut). Therefore, the TT genotype is homozygote for the absence of the site (band at 347 bp), CT genotype is heterozygote for the absence and presence of the site (bands at 347-, 214-and 133-bp), and CC genotype is homozygote for the presence of the site (bands at 214-and 133-bp; Figure 2 ).
Results of Sequencing.
The results were shown as CC, CT and TT genotypes by PCR-RFLP and the CC, CT, and TT genotypes were also confirmed by sequencing (Figure 3 ), respectively.
Genotypic and Allelic Frequencies.
The genotypic and allelic distribution of the rs4731702 SNP is shown in Table 2 .
There was no significant difference in either genotypic or allelic frequencies between Mulao and Han. The genotypic and allelic frequencies were different between Han males and females ( < 0.05), but not between Mulao males and females. The frequency of minor T allele in Han was higher in females (35.8%) than in males (30.2%, = 0.024). Table 3 , the levels of serum LDL-C and ApoAI in Mulao were different among the three genotypes ( < 0.05) after adjusting age, sex, BMI, blood pressure, cigarette smoking, and alcohol consumption; the subjects with TT genotype had higher LDL-C and ApoAI levels than the subjects with CT or CC genotype. For the Han population, the levels of HDL-C and ratio of ApoAI to ApoB were different among the genotypes ( < 0.05); the T allele carriers had lower HDL-C levels and the ratio of ApoAI to ApoB than the T allele noncarriers. Subgroup analyses showed that the T allele carriers in Mulao males had higher HDL-C, LDL-C, and ApoAI levels than the T allele noncarriers ( < 0.05). The T allele carriers in Han males were associated with lower ApoAI levels and ratio of ApoAI to ApoB than the T allele noncarriers ( < 0.05). The subjects with TT genotype in Han females had higher TC, LDL-C, ApoAI, and ApoB levels than the subjects with CT or CC genotype ( < 0.05).
Genotypes and Serum Lipid Levels. As shown in
Risk Factors for Serum Lipid Parameters.
The correlation between the relative factors and serum lipid parameters in Mulao and Han is depicted in Table 4 . Multiple linear regression analyses showed that serum LDL-C levels in Mulao and Han, LDL-C and ApoAI levels in Mulao, and LDL-C levels and the ratio of ApoAI to ApoB in Han were correlated with genotypes ( < 0.05), respectively. Serum LDL-C and ApoAI levels in Mulao males, HDL-C, ApoAI levels and the ratio of ApoAI to ApoB in Han males, and LDL-C levels in Han females were correlated with genotypes ( < 0.05; Table 5 ), respectively. Serum lipid parameters were also associated with environmental factors such as age, gender, BMI, waist circumference, blood pressure, blood glucose, cigarette smoking, and alcohol consumption in both ethnic groups ( < 0.05-0.001; Tables 4 and 5 ).
Discussion
Given that genetic factors and interactions with environmental factors are important in common forms of serum lipid levels, prediction of the risk for dyslipidemia on the basis of genetic variants would be beneficial for personalized prevention of this condition [7] [8] [9] . Mulao nationality is a relatively conservative and isolated minority in China that retains its regional and special customs. The engagements of Mulao nationality were strictly intraethnic. Traditionally, there was a preference of marriage to relatives of maternal side (mother's brother's daughter) in childhood. Divorce and remarriage were permitted, with little restriction. The twogeneration household is the most common unit of residence.
Households are under the control of the father and divided when the sons marry, with only the youngest son remaining with the parents. As a consequence, Mulao population is considered to share the same ethnic ancestry and possess the same genetic background. We believed that some hereditary characteristics and genotypes of lipid metabolism-related genes in this population might be different from those in Han Chinese [35] . The genotypic and allelic frequencies of KLF14 rs4731702 SNP in diverse racial/ethnic groups are not well known. According to the HapMap data, the minor allele frequency of the SNP was 36.7% in Chinese, 30.0% in Japanese, 23.3% in Yoruba, and 45.0% in European population. Kong et al. [36] demonstrated that the frequency of T allele was 56.1% in normal Icelanders. Chen et al. [26] reported that the allelic frequencies of KLF14 rs4731702 SNP were different between atherosclerotic cardiovascular disease and control groups in Beijing and Taizhou Chinese. The minor T allele frequency in myocardial infarction and ischemic stroke groups was lower than that in control groups. The frequency of T allele was 31.5%, 29.1%, and 30.2% in the three control groups, respectively. In the present study, we showed that the T allele frequency of KLF14 rs4731702 SNP was 35.7% in Mulao and 33.4% in Han ( > 0.05), which was similar to the Beijing and Taizhou Chinese samples [26] . Subgroup analyses showed that the minor allele frequency of rs4731702 SNP in Han was higher in females than in males, and the genotypic distribution was also different between females and males ( < 0.05). These results indicated that the prevalence of T allele of KLF14 rs4731702 SNP may have racial/ethnic as well as gender specificity.
Rare studies have previously reported the direct effect of KLF14 rs4731702 SNP on serum lipid levels. The present study showed a significant association between the rs4731702 SNP and multiple serum lipid parameters in our study populations. The T allele carriers had higher LDL-C and ApoAI levels in Mulao, while they had lower HDL-C levels and ratio of ApoAI to ApoB in Han than the T allele noncarriers. Moreover, the T allele carriers were associated with higher HDL-C, LDL-C, and ApoAI levels in Mulao males, lower ApoAI levels and ratio of ApoAI to ApoB in Han males, and higher TC, LDL-C, ApoAI and ApoB levels in Han females. The inconsistent association between the two ethnic groups indicated that the correlation of KLF14 rs4731702 SNP and serum lipid levels may have racial/ethnic and/or sex specificity.
KLF is an important part of the regulatory cascade that leads to adipogenesis [23, 24] . Recently, genetic model of Caenorhabditis elegans was used to elucidate the regulation pathways of klf3 (a member of KLF family in the nematode) in fat storage. The findings suggested that klf3 functions as either an activator or a repressor in the regulation of the expression of several genes key to fatty acid -oxidation, which resulted in excessive fat deposits and severe fertility defects. This study speculated on the role of worm klf3 in partial overlapping with that of human KLF14 in fat storage and metabolism [37] . Previous functional studies found that the maternally transmitted T allele of rs4731702 SNP is associated with increased expression of KLF14 in adipose tissue, indicating the presence of a cis expression quantitative trait loci (eQTL) [36] . Small et al. [25] demonstrated that the type 2 diabetes and HDL-C associated cis-acting eQTL of KLF14 acts as a master trans-regulator of adipose gene expression. They detected subcutaneous adipose biopsies from 776 female twins of European ancestry as well as a smaller replication sample. The results suggested a trans-causal link between KLF14 expression and ten genes that were associated with a variety of metabolic syndrome traits including obesity, dyslipidemia, and measures of insulin resistance. Moreover, using large scale genome-wide association study data, they showed that five of the ten genes had nearby SNPs that were associated with key metabolic syndrome traits at genomewide significance. Taken together, the rs4731702 SNP may act in cis to influence the KLF14-associated trans-regulatory network and bring about the cascade of events in lipid metabolism. However, the biological function and detailed role of KLF14 rs4731702 SNP in lipid metabolism need to be further explored.
Here, we also noted that serum lipid parameters were correlated to age, sex, waist circumference, BMI, blood pressure, alcohol consumption, and cigarette smoking in both ethnic groups. These data suggested that the environmental factors also played important roles in determining serum lipid levels. The dietary habits are different between the Mulao and Han populations. Mulao people prefer to eat cold foods along with acidic and spicy dishes, local bean soy sauce, pickled vegetables, and animal offals which contain abundant saturated fatty acids. Over the past several decades evidence has accumulated suggesting that dietary intake of saturated and trans-fat raises blood cholesterol concentrations and CVD risk [38] [39] [40] [41] . A meta-analysis demonstrated that dietary interventions significantly decreased plasma lipids and lipoproteins, and for every 1% decrease in energy consumed as dietary saturated fatty acid, TC decreased by 0.056 mmol/L and LDL-C by 0.05 mmol/L. Furthermore, for every 1-kg decrease in body weight, TG decreased by 0.011 mmol/L and HDL-C increased by 0.011 mmol/L [42] . In addition, numerous studies reported that portfolio diets replace saturated fatty acids with polyunsaturated fatty acids, monounsaturated fatty acids, carbohydrates, and mixed sources and partial substitution of protein would improve serum lipid levels and be beneficial in prevention of CVD [43, 44] . We also found that the percentages of subjects who consumed alcohol were higher in Mulao than in Han nationalities ( < 0.05). Many studies showed that moderate alcohol intake has been associated with reduced cardiovascular events [45] [46] [47] . The beneficial effects of alcohol on CVD have been ascribed to the increase in HDL-C and ApoAI levels [48] . However, alcohol can be addictive, and high intake can be associated with serious adverse health including hypertriglyceridemia, hypertension, and liver damage. Like any other source of carbohydrates, alcohol can increase plasma TG levels and can serve as a source of excess calories [49] . It was reported that the alcohol intake of 60 g/day increases the TG levels by about 0.19 mg/dL per 1 gram of alcohol consumed [50] . Onat et al. [51] also showed that alcohol consumption was positively associated with TG, LDL-C, and ApoB in men and negatively correlated with TG and/or not correlated with LDL-C and ApoB in women. Nevertheless, another research indicated that the effects of alcohol consumption on LDL-C appear to vary by specific patient types or patterns of alcohol intake, and sex as well as genetic variants [52] . Consequently, the joint effects of different dietary habits, lifestyles, and environmental factors probably further modify the association of genetic variations and serum lipid levels in our study populations.
There are several potential limitations in our study. First, we were not able to alleviate the effect of diet during the statistical analysis since the diet intake was self-reported and difficult to classify. Second, we only measured serum TC, TG, HDL-C, LDL-C, ApoAI, ApoB levels, and the ratio of ApoAI to ApoB and detected their associations with rs4731702 SNP without comprehensive measurements of the subclasses lipoproteins such as HDL2, HDL3, small dense LDL, and large buoyant LDL. However, serum TC, HDL-C, and LDL-C are the most important indicators for dyslipidemia and are also the phenotypes of clinical routine testing. We believed that the SNP associated with these lipid parameters may add predictive information for the development of dyslipidemia and CVD. Third, although we observe significant association of rs4731702 SNP and serum lipid levels, there are still many unmeasured environmental and genetic factors that needed to be considered. The interactions of gene-gene, gene-environment, and environment-environment on serum lipid levels are remained to be determined. Moreover, we recognize the limited power to provide a more significant advance in understanding the full impact of rs4731702 SNP on lipoprotein metabolism. The association of the rs4731702 SNP, KLF14 expression in adipose tissue and plasma lipid levels should be detected in further investigations.
Conclusions
The present study shows that genotypic and allelic frequencies of KLF14 rs4731702 SNP were not different between the Mulao and Han populations, whereas difference in the genotypic and allelic frequencies of KLF14 rs4731702 SNP was observed between Han males and females. The association of KLF14 rs4731702 SNP and serum lipid levels is different between the two ethnic groups. These trends of association suggest that this SNP might have racial/ethnic or gender specificity. The differences in the association of KLF14 rs4731702 SNP and serum lipid levels between the two ethnic groups might partly result from the differences in gene-environmental interactions.
